<

Neuro-Nanotechnology Applications for The
Diagnosis and Treatment of Speech
Disorders

Regina R. Khalfina?!, Yulia A. Zhigulina®, Alexey V. Kidinov?,
Igor P. Pryadko*, Dmitriy V. Miroshkin®, Svetlana E. Kovaleva®

'Doctor of Biological Sciences, Associate Professor, Head of the Department,
Department of Psychological Support and Clinical Psychology, Bashkir
State University, Ufa, Russia. E-mail: Riga23@mail.ru
?Post Graduate Student, Department of Pedagogy, Sechenov First Moscow
State Medical University, Moscow, Russia. E-mail: y.zhigulina@mail.ru
*Doctor of Psychology, Associate Professor, Russian State Social University,
Moscow, Russia. E-mail: a080ak@gmail.com
*PhD in Culturology, Associate Professor, Department of Social, Psychological
and Legal Communications, Moscow State University of Civil Engineering (MGSU)
National Research University, Moscow, Russia. E-mail: Pryadcko.igor2011@yandex.ru
*PhD in Medical Sciences, Associate Professor, Department of Human Anatomy,
Pirogov Russian National Research Medical University, Moscow, Russia.
E-mail: dvm-anatom@yandex.ru
®Assistant, Department of Pedagogy and Medical Psychology, Sechenov
Fist Moscow State Medical University, Moscow, Russia. E-mail: mental@bk.ru

The problem of neuropsychological characteristics of speech disorders and their
classification, despite a significant number of studies, to date, remains
insufficiently studied, leaving a wide range of questions of speech pathology in
aphasia unanswered. The study of the structure of the process of understanding
speech in normal conditions, as well as the psychological structure of its
impairment in case of brain damage, is of great importance for such a branch of
neuropsychology as recovery training of patients with local brain damage.
Among the various aspects of aphasic disorders, the problem of purposeful
rehabilitation of speech functions is of particular importance, both theoretical
and practical. The purpose of the study of this article was to determine the most
effective methods for diagnosing and restoring the speech comprehension
function in patients with sensory aphasia. According to the results of the study,
it was concluded that the restoration of speech comprehension in patients with
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sensory aphasia is determined by the polymorphic structure of etiopathogenesis
for topical, syndromic and functional disorders and is based on the translational
potential from subcortical to cortical structures; from primary to secondary and
tertiary structures of functional systems of phonetic and auditory-speech
analyzers; with reliance on other analyzers involved in the functional system of
phonetic perception with retrospective stimulation of brain areas that, for one
reason or another, are functionally impaired. The authors of the article have
proved that the success of the restoration of lost functions in the process of
restoring speech comprehension in patients with sensory aphasia directly
depends on the intensity of corrective and rehabilitation work, both in a hospital
or a rehabilitation center, and independently.

Keywords: neuropsychological characteristics of speech impairment,
Nanotechnology, sensory aphasia, rehabilitation, recovery, organic structure of
the defect, compensation.

1. Introduction

The use of a comprehensive approach in the study of speech comprehension is also effective
for correct understanding the general psychological laws of speech comprehension
(Behroozmand et al., 2018;_Mesulam et al., 2019). Neuropsychological research methods not
only make it possible to confirm which regions of the brain are affected in case of a disease,
but also, to a certain extent, determine the prognosis for the restoration of impaired speech
functions, provided that special speech therapy sessions are carried out, and also explain the
lack of the desired result in some cases (Crosson et al., 2019; Johnson et al., 2020). Aphasia
in the acute and early recovery period is characterized by a degree of severity of the speech
defect, its structure in the acute period is blurred, there is a volumetric neurodynamic
component. Concomitant disorders negatively affect the recovery of activity and quality of
life (Babieva & Grechina, 2017; Zhigulina, Skvortsova & Solovyova, 2019). In addition to
speech defects, patients who have suffered a stroke or traumatic brain injury have a number
of concomitant disorders: cognitive disorders (including attention deficit, memory loss,
slowness of thinking and speed of mental processes, in some cases - dementia), emotional-
volitional disorders (depression, aspontaneity, hypobulia, decreased motor and mental
activity). The development of neuropsychopathological syndromes is possible (the "right
hemisphere" syndrome, the "frontal" syndrome) (Shklovsky & Vizel, 2000). WHO has
identified strokes as a particularly complex socially significant category of diseases in terms
of the severity of the consequences and the risk of disability.

The methodological foundation of the study was made by the theoretical propositions of L.S.
Vygotsky (1934) about the structure of the defect and localization of higher psychological
functions as structural units of brain activity; by the concept of A.R. Luria (1963) and his
followers (Akhutina, 1979; Shklovsky & Vizel, 2000; Tsvetkova, 2000; Shokhor-Trotskaya,
2002) about the disintegration of the higher mental functions of the brain that is caused by
focal brain lesions due to the loss of one factor or another, about aphasia, as a complex
systemic speech disorder, embracing various levels of speech organization and affecting the
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course of all mental processes; the principles of the consistency of the language, the
connection of speech with other aspects of mental development and an holistic approach to
diagnosis and treatment (Vinarskaya, 2006; Levina, 2012; Khomskaya, 2010; Gerstenecker
& Lazar, 2019; Krishnamurthy et al., 2021); psycholinguistic theories about the mechanisms
of speech activity, about its generation and perception, the interaction of speech processes
(Akhutina, 1979).

The interdisciplinary approach to the research problem included the study of the fundamental
points of general psychology concerning the complex multi-level organization of speech
activity, in particular, speech comprehension (Leontiev, 1976; Rubinstein, 1973), research in
the field of neurological rehabilitation and restorative training for patients who have suffered
a stroke or traumatic brain injury, developed by M.G. Khrakovskaya (2017), V.M.
Shklovsky and T.G. Vizel (2005), T.G. Wiesel (2005), M.K. Shokhor-Trotskaya (2002); J.P.
Johnson et al. (2021).

Aphasia is defined as a systemic speech disorder that develops in case of organic brain
lesions and covers different levels of speech organization - all language levels of phonology:
phonetics, vocabulary, grammar, including four components: 1) impairment of speech itself
and verbal communication; 2) impairment of other mental processes; 3) personality change;
4) personal reaction to a disorder (O'Sullivan, Brownsett & Copland, 2019).

The location of the focus in sensory aphasia is on the posterior third of the superior temporal
gyrus of the left hemisphere (41, 41 and 22 fields, Wernicke’s zone).

The main mechanism underlying this defect is impairment of acoustic analysis and synthesis
of speech sounds - auditory agnosia, manifested in a loss of phonemic hearing. Phonemic
hearing impairment is a central defect in sensory aphasia.

Phonemic hearing impairments cause severe disorders of impressive speech - understanding.

The problem of impaired speech understanding in sensory aphasia is studied from different
angles, but detailed consideration of the state of impaired speech understanding in acoustic-
gnostic and acoustic-mnestic aphasia is required to deepen and do a more extensive analysis
of the problem under study (Fridriksson & Hillis, 2021).

2. Materials and Methods

The practical study involved 12 patients with sensory aphasia, including 6 women and 6 men
aged between 44 and 81, selected according to the following criteria: the presence of sensory
aphasia as the leading syndrome of speech impairment after acute cerebrovascular accident
(in the overwhelming majority of ischemic type) or, less often, TBI (traumatic brain injury);
the early recovery period - from six months to two years from the moment of the disease
(Table 1 and Table 2).
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Table 1. Experimental group Ne 1 (EG Ne 1)

Ne | The patient Age Diagnosis
1 Patient 1 47 A moderate form of acoustic-gnostic aphasia
2 Patient 2 52 A moderate form of acoustic-gnostic aphasia
3 Patient 3 61 A mild form of acoustic-gnostic aphasia
4 Patient 4 81 A moderate form of acoustic-gnostic aphasia
5 Patient 5 51 A moderate form of acoustic-gnostic aphasia
6 Patient 6 45 A severe form of acoustic-gnostic aphasia
Table 2. Experimental group Ne 2 (EG Ne 2)
Ne | The patient | Age Diagnosis
1 Patient 1 44 A moderate form of acoustic-mnestic aphasia
2 Patient 2 73 A moderate form of acoustic-mnestic aphasia
3 Patient 3 71 A severe form of acoustic-mnestic aphasia
4 Patient 4 56 A moderate form of acoustic-mnestic aphasia
5 Patient 5 65 A moderate form of acoustic-mnestic aphasia
6 Patient 6 60 A moderate form of acoustic-mnestic aphasia

A package of diagnostic methods was used in the study of structural and functional disorders
in case of focal brain lesions, which was based on two main principles proposed by A.R.
Luria (1974): the principle of analyzing regionally limited brain lesions and the principle of
isolating those factors that underlie the entire complex disorders arising from focal brain
lesions (Akhutina, 1979) and methods of mathematical statistics: Wilcoxon’s W-test and
Mann-Whitney U-test for comparative analysis of the degree of speech impairment in
patients of two diagnostic groups: with acoustic-gnostic and acoustic-mnestic aphasia.

Tasks were selected aimed at assessing the impressive aspect of speech (speech
comprehension, inability to understand the meaning of a word), inability to name objects,
and evaluation of phonemic perception, taking into account the specifics of impaired speech
understanding in patients with sensory aphasia: in patients with acoustic-gnostic aphasia, the
structure of the defect is a disorder of phonemic hearing, which, in turn, causes a severe
impairment of impressive speech - understanding, and in patients with acoustic-mnestic
aphasia in the structure of the defect lies a disorder of the auditory-speech memory
operation, leading to impaired understanding of speech and inability to understand the
meaning of a word against the background of preserved phonemic hearing and the process of
sound recognition.

The specifics of manifestation of sensory aphasia lie in the fact that it seldom occurs as an
unrelated case in the role of an acquired lesion of the auditory regions located in the brain
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and in 85 % of lesion cases several regions of the brain are involved that are responsible for
diverse functions in the injured person’s organism.

Creating aphasia therapy activities, the impairment of all the analytical systems of the brain,
characteristic of patients with sensory aphasia, was taken into account, as well as the most
frequent errors were differentiated when diagnosing patients with sensory aphasia:

- Literal paraphasias;

- Impairment of spontaneous and repetitive speech;

- Inability to understand the meaning of a word;

- Logorrhea;

- Emboli;

- Writing and reading disorders.

Ten trials were given for each exercise. The following aspects were noted during the test:
- preservation of speech,

- the degree of impaired oral speech understanding was revealed,
- impairment of phonemic perception,

- agrammatisms,

- verbal and literal perseverations,

- manifestations of inability to understand the meaning of a word,

- difficulties in understanding logical - grammatical and verbal constructions.

3. Result and Discussions

The generalized data of the results of the experimental group No. 1 are presented in Tab. 3
and in Figure 1.

Table 3. The study results of speech comprehension of the experimental group Ne 1 with
acoustic-gnostic aphasia

Tasks 1 2 ) 4 5 6 7 8 9 10

Patientl |15 14 11 0,3 16 0,5 1,7 1,2 15 1,3

Patient2 | 1,2 1,2 1 0,2 15 0,5 1,6 11 11 1,3

Patient3 | 0,5 1,8 1,7 14 2,2 0,8 2,1 2,2 2,1 1,9

Patient4 | 1,2 0,8 0,5 0,2 11 0,5 11 0,9 11 1,2

Patient5 |11 11 0,4 0,3 1,2 0,4 1,1 0,8 0,9 11

Patient6 |1 0,4 0,1 0,2 0,7 0,2 0,4 0,3 0,3 0,3
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Mean 1,08 {111 0,75 043 |138 |048 (1,33 (108 |1,16 |1,18
value
Performa | 36% | 37% |25% |14% | 46% | 16% |44% |36% | 38% | 39%
nce in %
EG Nel
fso%
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Figure 1. Average indicator of the diagnostic test performance in EG # 1 with acoustic-
gnostic aphasia

Note: 1-10 blocks of Tasks: 1- Study of the general verbal communication ability; 2 - Study
of the inability to name objects; 3 - Study of the automatic and repeated speech; 4 - Study of
phonemic hearing; 5 - Understanding of verbal instructions; 6 - Study of auditory-speech
memory ; 7 — Study of simple sentence comprehension; 8 — Study of understanding of
logical-grammatical constructions; 9 — Study of understanding of comparative and inverted
constructions; 10 — Study of comprehension of the meaning of a word

Figure 1 demonstrates the results of performing the tasks of the ascertaining experiment
presented in Tab. 3: the average completion rate of the tasks by the experimental group.

The generalized data of the results on experimental group # 2 are presented in Tab. 4 and in
Figure 2.

Table 4. Results of the study of speech comprehension of experimental group Ne 2 with

acoustic-mnestic aphasia

Tasks 1 2 3 4 5 6 7 8 9 10
Patient 1 1,6 11 0,8 13 2 0,6 14 1,8 11 1
Patient 2 1,2 0,9 0,6 14 15 0,4 15 15 0,5 0,9
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Patient 3 2,3 0,4 0,2 0,4 0,6 0,2 0,4 0,3 0,2 0,2
Patient 4 1.2 0,5 0,5 11 1 0,6 1,7 14 1 0,7
Patient 5 13 0,8 0,6 11 13 0,5 1.2 13 0,9 0,9
Patient 6 0,5 11 0,3 1 0,9 0,2 0,7 1 0,4 0,7
Mean value 135 |08 0,5 105 121 |041 115 |121 |0,68 |0,73
Performance in|45% |26% |16% |35% |40% |13% |38% |40% |22% |24%
%
EG Ne 2

Figure 2. Average indicator of the diagnostic test performance in EG Ne 2 with acoustic-
mnestic aphasia

average indicator of task performance in

%

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

1 2 3 4 5 6 7 8 9 10

Tasks 1-10

To confirm sample representativeness, the Wilcoxon W-test was applied. For this sample,
there were no statistically significant differences between the groups, therefore, the groups

are homogeneous, and the experiment confirms the statistical reliability.

The use of the Mann-Whitney U-test makes it possible to determine the value of the
criterion: the lower the value of the test, the more likely that the differences between the
values of the parameter in the samples are reliable. Table 5 shows the found statistical
differences in the examination results of patients in both experimental groups.
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Table 5. The results of applying the criteria: Wilcoxon W-test and Mann-Whitney U-test
based on the results of diagnostic examination

T 1 T2 T 3 T 4 TS5 T6 T 7 T 8 TO T 10

Mann- 8,000 | 10,000 | 13,500 | 5,500 11,000 | 16,000 | 15,000 | 11,000 | 8,500 5,000
Whitney U-
test
Wilcoxon 29,000 | 31,000 | 34,500 | 26,500 | 32,000 | 37,000 | 36,000 | 32,000 | 29,500 | 26,000
W-test
Z -1,607 | -1,295 | -,723 -2,027 | -1,125 | -,330 -,483 -1,129 | -1535 | -2,093
Asymptotic | ,108 ,195 470 ,261 742 ,629 ,259 125
significanc
e (2-sided)
Exact ,132 ,240 ,485 ,041 ,310 ,818 ,699 ,310 ,132 ,041
significanc
e [2*(1-
sided)]

Note:

Level of significance p<0.05

Level of significance p>0.05

In the course of the diagnostics between the two experimental groups, statistically significant
differences were found when performing tasks 4 and 10.

These differences prove that there is a significant difference in the degree of speech
impairment according to the diagnostic results between the two experimental groups - with
acoustic-gnostic and acoustic-mnestic aphasia. The found differences indicate the specificity
of the syndrome for each of the forms of aphasia and the presence of not only one central
mechanism, as in acoustic-amnestic aphasia, but also several ones, as in the case of acoustic-
gnostic aphasia:

1) In the form of acoustic-gnostic aphasia, disorders are especially manifested as impairment
of phonemic hearing, differentiation of sounds and words similar in sound, with opposition
phonemes, repeated pronunciation of words and auditory-speech memory.

2) In case of acoustic-mnestic aphasia, disorders are more manifested in the form of a
decrease in the volume of auditory-speech memory during automatic and repeated speech, a
decrease in the level of acoustic perception, impairment of understanding of comparative and
inverted, logical-grammatical constructions.

Based on the conducted empirical study, the following conclusions were drawn: restoration
of speech comprehension in patients with sensory aphasia is determined by the polymorphic
structure of etiopathogenesis for regional, syndromic and functional disorders and is based
on the progressive potential:

- from subcortical to cortical structures;
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- from primary to secondary and tertiary structures in the functional systems of
phonetic and auditory-speech analyzers;

- the use of other analyzers involved in the functional system of phonetic perception
with retrospective stimulation of brain areas that, for one reason or another, are functionally
impaired.

The rehabilitation work methods for patients with sensory aphasia were based fact that one
of the most important features of the human brain - the ability to compensate underlies the
restoration of impaired speech (Akhutina, 1979). Taking into account that there is direct and
bypass compensation, it is possible to determine the presence of two main types of targeted
impact on impaired speech:

Direct disinhibition methods of work are mainly used in the acute recovery period and are
designed to activate reserve intra-functional capabilities.

Bypass methods imply compensation based on the restructuring of the impaired function
itself due to interfunctional restructuring, that is, the recovery effect is achieved by
introducing new, "bypass" ways of performing certain speech operations - both within one
analyzer and with the involvement of other intact analyzer systems. A "bypass" of the defect
can be achieved by replacing or rebuilding the impaired function. The inclusion of the
affected activity with the help of spared afferentations suggests that later the function will
start functioning in the normal mode (Tsvetkova, 2000).

At the same time, it is important to take account of the characteristics of each specific
clinical case: the individual properties of the patient’s personality, the severity of the somatic
condition, case history, heredity and social environment in order to maximally motivate
patients to participate in the rehabilitation process.

For a more effective restoration of speech comprehension in case of sensory aphasia, the
principles of rehabilitation training were developed. The theoretical foundation of these
principles is the existing contemporary ideas about the higher mental functions, their
systemic dynamic localization and lifetime formation, the founder of which was L.S.
Vygotsky (1934). These ideas were complemented by A.R Luria’s (1963) idea of them as
functional systems. The rehabilitation training program represented a process that included
various methods and techniques aimed at restoring lost speech and non-speech functions, and
was built taking account of the principle of consistency, that is, rehabilitation activity was
carried out on all sides of the impaired function, and not only with those who suffered for the
first time. As part of the implementation of this approach, the following tasks were
consistently solved:

- recovery of speech as a mental function, rather than adaptation of the patient with
aphasia to his defect;

- restoring the activity of verbal communication, and not isolated particular
sensorimotor speech operations;

- restoring the communicative function of speech, rather than its individual aspects;
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- the return of the patient with aphasia to a normal rather than simplified speech
environment, ie. return to professional activity.

In case of acoustic-gnostic aphasia, the main task of correction was to overcome the defects
in the differentiated perception of sounds, namely, to restore phonemic perception. Since
numerous disorders in acoustic-gnostic aphasia are the cause that complicates the
socialization and adaptation of a person - impairment of speech comprehension, the
restoration of the sound recognition process will be able to provide a gradual revival of all
affected sides of speech. Rehabilitation training in case of acoustic-gnostic aphasia was
aimed at:

1. Making contact with the patient, translating the verbal method of communication into non-
verbal activity, inhibiting the patient’s verbosity (logorrhea) and shifting the speaker’s
attention from his own speech to a non-verbal form of activity;

2. Teaching "listening™ and "hearing" of addressed speech;

3. Transition to conscious and differentiated selection of phrases from the text and words
from a phrase;

4. Restoration of differentiated and constant perception of speech sounds, i.e., the activity to
restore phonemic hearing.

In case of acoustic-mnestic aphasia, the primary task of rehabilitation training was
purposeful work to restore stable visual images, to restore auditory-speech memory and
expand the volume of acoustic perception. The key objective of rehabilitation training
consisted in:

1. Making contact with the patient, restoring the subject reference of the word and visual-
object representations. It is important to note that rehabilitation work in case of sensory
aphasia begins not with speech therapy techniques, but with work in the main areas: the
restoration of visual-object images using drawing and classification of objects, first
according to the visual pattern, then, according to the word.

2. Restoring the process of recognition and naming objects with the help of: constructing
objects from separate parts, comparing and finding common features and differences and
detecting errors in the image.

3. Activities to restore repeated and reflected speech using the method of breaking down
words, sentences and text into parts accessible to the patient’s perception.

4. Restoring text comprehension using the method of composing a text from its separate
semantic parts.

As a result of rehabilitation training, a positive trend was noted in patients in both
experimental groups (Figure 3 and Figure 4).
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Figure 3. Restoration dynamics of speech comprehension in EG Ne 1 before and after
rehabilitation training

EG Ne 2
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Figure 4. Restoration dynamics of speech comprehension in EG Ne 2 before and after
rehabilitation training

To compare the values between EG Ne 1 and EG Ne 2 the Wilcoxon T-test was used. The
results are presented in Table 6.
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Table 6. Empirical values of the Wilcoxon T-test

Name of the | Mean value in | Mean value in | Empirical value of | Level of
scales EG Ne 1 EG Ne 2 the test significance
Before training | 0.998 0.909 37.0 0.333
After training | 1.303 1.289 24.5 0.813

Level of significance p <0.05
Level of significance p > 0.05

These differences prove a significant difference in the performance of tasks “Before” and
“After” the training sessions, which assess the state of speech comprehension in patients
with sensory aphasia.

4, Conclusion

Based on the conducted empirical study, the following conclusions can be drawn: the
reasons for the differentiated distinction, as well as the similarity of the manifestation in the
early recovery period of impaired speech comprehension between the acoustic-gnostic and
acoustic-mnestic forms of aphasia and the features of the manifestation of impaired speech
comprehension in patients with sensory aphasia are due to the primary defect which
underlies the dysfunction of phonemic hearing or auditory-speech memory, which have a
focal nature of the lesion, leading to secondary manifestations of a disorder of the central
mechanisms of intellectual functions and, as a consequence, determining the characteristics
of a speech defect. The degree of manifestation of impaired understanding is determined,
first of all, by the location of the lesion: in acoustic-gnostic aphasia, these are fields 41, 42
and 37, in acoustic-amnestic aphasia, these are fields 37 and 21, and largely depends on the
etiology and duration of the disease.

Thus, the success of the recovery of lost functions in the process of restoring speech
comprehension in patients with sensory aphasia will directly depend on the intensity of
further correction and rehabilitation work, both in a hospital or a rehabilitation center, and
independently, with the participation of relatives, or in a remote format of rehabilitation
classes.

References

1. Akhutina, T.V. (1979). Difficulties in understanding grammatical constructions in patients with
aphasia. In the book: problems of aphasia and restorative learning (pp. 40-58). Moscow:
Publishing house of moscow university.

2. Babieva, N.S. & Grechina, 1.K. (2017). Features of violations of the paradigmatic and
syntagmatic organization of speech in motor and sensory forms of aphasia. Science
Perspectives, 3(90), 105-108.

3. Behroozmand, R., Phillip, L., Johari, K., Bonilha, L., Rorden, C., Hickok, G. & Fridriksson, J.
(2018). Sensorimotor impairment of speech auditory feedback processing in aphasia.
Neurolmage, 165, 102-111.

4, Khomskaya, E.D. (2010). Neuropsychology. St. Petersburg: Peter.

Nanotechnology Perceptions Vol. 21 No.1 (2025)



57 Regina R. Khalfina et al. Analysis of Speech Disorders....

5.

10.

11.

12.

13.

14.
15.

16.

17.

18.
19.
20.
21.
22.
23.

24.
25.

Crosson, B., Rodriguez, A.D., Copland, D., Fridriksson, J., Krishnamurthy, L.C., Meinzer, M.,
Raymer, A.M., Krishnamurthy, V. & Leff, A.P. (2019). Neuroplasticity and aphasia
treatments: new approaches for an old problem. Journal of neurology, neurosurgery, and
psychiatry, 90(10), 1147-1155.

Fridriksson, J. & Hillis, A.E. (2021). Current Approaches to the Treatment of Post-Stroke
Aphasia. J Stroke, 23(2), 183-201.

Gerstenecker, A. & Lazar, R.M. (2019). Language recovery following stroke. Clin
Neuropsychol, 33(5), 928-947

Johnson, J.P., Meier, E.L., Pan, Yu. & Kiran, S. (2021). Abnormally weak functional
connections get stronger in chronic stroke patients who benefit from naming therapy. Brain and
Language, 223, 105042.

Johnson, L. P., Sangtian, S., Johari, K., Behroozmand, R., & Fridriksson, J. (2020). Slowed
Compensation Responses to Altered Auditory Feedback in Post-Stroke Aphasia: Implications
for Speech Sensorimotor Integration. Journal of communication disorders, 88, 106034.
Khrakovskaya, M.G. (2017). Aphasia. Agnosia. Apraxia. Methods of restoration. St.
Petersburg: Nestor-History.

Krishnamurthy, V., Sprick, J.D., Krishnamurthy, L.C., Barter, J.D., Turabi, A., Hajjar, I.M.
& Nocera, J.R. (2021). The Utility of Cerebrovascular Reactivity MRI in Brain Rehabilitation:
A Mechanistic Perspective. Front Physiol, 12, 11-15.

Leontiev, A.N. (1976). Problems of the development of the psyche. Moscow: Thought.

Levina, R.E. (2012). Speech restoration in injuries of the temporal region. Ulyanovsk:
Publishing House of the USSR Academy of Sciences.

Luria, A.R. (1963). The human brain and mental processes. Moscow: Pedagogy.

Luria, A.R. (2004). Fundamentals of neuropsychology. Moscow: Publishing House
"Academy".

Mesulam, M.M., Rader, B.M., Sridhar, J., Nelson, M.J., Hyun, J., Rademaker, A., Geula, C.,
Bigio, E.H., Thompson, C.K., Gefen, T.D., Weintraub, S. & Rogalski, E.J. (2019). Word
comprehension in temporal cortex and Wernicke area: A PPA perspective. Neurology, 92(3),
224-233.

O'Sullivan, M., Brownsett, S. & Copland, D. (2019). Language and language disorders:
neuroscience to clinical practice. Centre for Clinical Research, University of Queensland,
Brisbane, Queensland, Australia, 4, 14-21.

Rubinstein, S.L. (1973). On understanding. In the book: Problems of General Psychology.
Moscow: Pedagogical Publishing House.

Shklovsky, V.M. & Vizel, T.G. (2000). Restoration of speech function in patients with
different forms of aphasia. Moscow: association of defectologists.

Shokhor-Trotskaya, M.K. (2002). Correctional and pedagogical work in aphasia: methodical
recommendations. Moscow: institute of general humanitarian research.

Tsvetkova, L.S. (2000). Neuropsychology and aphasia: a new approach. Moscow: MPSI;
Voronezh: NPO Modek.

Vinarskaya, E.N. (2006). Clinical problems of aphasia. Moscow: Medicine.

Vygotsky, L.S. (1934). Thinking and speech. Moscow: Sotsekgiz.

Wiesel, T.G. (2005). How to return speech. Moscow: Sphere, V. Sekachev.

Zhigulina, Yu.A., Skvortsova, Ya.V. & Solovyova, A.V. (2019). Student of the year 2019: a
collection of articles from the international research competition. Petrozavodsk: ICNP New
Science. Section of medical sciences: relevance of neuropsychological correction of
sensorimotor aphasia after stroke (pp. 95-96).

Nanotechnology Perceptions Vol. 21 No.1 (2025)



